Two patients presented with primary intramedullary spinal cord germinoma (PISCG). Neither diagnosis was correct at initial evaluation, and both underwent surgical verification of the tumor. Based on the histological diagnosis, both patients were treated successfully by combination of chemotherapy and radiotherapy. These cases illustrate the unexpected occurrence of PISCG and treatment strategy.
Introduction
Germ cell tumor (GCT) of the central nervous system is known to occur frequently in the pineal or suprasellar regions, and rarely in the spinal cord. 3, 22, 23) Here we describe two cases of histologically confirmed primary intramedullary spinal cord germinoma (PISCG) that were treated successfully by combination of chemotherapy and radiotherapy.
Case Reports
Case 1: A 33-year-old man presented with a 2-year history of gait disturbance. The patient did not have any medical history of Klinefelter syndrome or other genetic disorder. Neurological examination on admission showed spastic paraparesis of grade 4/5 and mild sensory disturbance up to the T10 level. The status of the patient was 40 on the Karnofsky performance status scale. 12, 24) Magnetic resonance (MR) imaging demonstrated an abnormal intramedullary lesion at the T9 to T11 levels (Fig. 1A, B) . No other lesions in the brain were identified. Based on the initial radiological evaluation, steroid administration was started to obtain neurological relief. However, the patient noted worsening motor weakness in the lower extremities, followed by more severe paraparesis of grade 2/5 by 30 days later. His Karnofsky performance status score deteriorated to 30. Repeat MR imaging demonstrated no significant change in the size or intensity of the intramedullary lesion.
The patient underwent a T9 to T11 laminectomy for resection of the tumor. The spinal cord appeared swollen. Posterior midline myelotomy of the spinal cord revealed the gray and soft tumor which easily bled. Frozen-section biopsy revealed the high proliferation of large round cells, suggesting the anaplastic nature of the tumor. No clear margin was identified between the tumor and the spinal cord tissue, so only partial removal of the tumor was possible. Histological examination of the tumor verified germinoma consisting of large round cells with clear cytoplasm and small lymphocytes. The large round cells were positive for placental alkaline phosphatase (Fig. 2) .
The patient received two courses of chemotherapy with cisplatin and etoposide (PE). The third course of chemotherapy was cancelled because of the severe condition of pancytopenia, and the patient was followed by radiotherapy using 24 Gy in 15 fractions to the whole spine and 24 Gy in 12 fractions to the whole brain. His Karnofsky performance status score gradually improved and became stable at 70, and MR imaging found no evidence of tumor recurrence at 24 months after surgery (Fig. 1C, D) . Case 2: A 24-year-old woman presented with a 2-month history of gait disturbance. The patient did not have any medical history of Klinefelter syndrome or other genetic disorder. Neurological ex- T. Yamagata et al.
amination on admission showed spastic paraparesis of 4/5 and mild sensory disturbance up to the T6 level. Her Karnofsky performance status score was 70. MR imaging demonstrated an abnormal intramedullary lesion at the T6 to T7 levels ( Fig. 3A, B) . No other lesions in the brain were found. Based on the initial radiological evaluation, steroid administration was started to obtain neurological relief. However, the patient noted worsening motor weakness in the lower extremities which resulted 2 days later in paraplegia and urinary disturbance. Her Karnofsky performance status score deteriorated to 30. Repeat MR imaging, obtained 10 days after the initial MR imaging, demonstrated that the lesion had increased in size significantly ( (Fig. 4A) . Syncytiotrophoblastic giant cells, positive for human chorionic gonadotropin (HCG), were also observed in the tumor tissues (Fig. 4B) .
Chemical analysis of the blood obtained early after surgery indicated serum HCG levels of over 220 mIU/ml. Following surgical verification of the tumor, the patient received three courses of chemotherapy with ifosfamide, cisplatin, and etoposide (ICE), followed by radiotherapy of 25.6 Gy in 15 fractions to the whole spine, 19.8 Gy in 12 fractions to the local spine, and 25.6 Gy in 12 fractions to the whole brain. Her Karnofsky performance status score was stable at 40, and MR imaging found no evidence of tumor recurrence at 6 months after surgery (Fig. 3D, E) .
Discussion
The 24 previously reported cases of PISCG included 17 cases from East Asia, 16 from Japan and 1 from China (Table 1) , 2, [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [17] [18] [19] [20] [21] [25] [26] [27] [28] [29] a pattern similar to the distribution of primary intracranial GCT. The patients were two children and young adults, aged from 5 to 43 years. The current total of 26 cases, including our cases, comprised 16 males and 10 females, indicating no apparent sex difference. All cases except 2 occurred in the middle-lower thoracic or lumbar spine. Two cases with cervical origin were exceptional. Histological diagnosis of the tumor was made in 24 cases, 19 cases of pure germinoma, 4 cases of germinoma with STGC, and 1 case of mixed germinoma and choriocarcinoma, whereas 2 cases were diagnosed by cytological examination of cerebrospinal fluid or blood analysis of specific tumor makers such as HCG or a-fetoprotein. 19, 21) PISCG typically manifests with progressive symptoms. The duration between the initial symptom and treatment ranged from 1 month to 48 months. Some aggressive or highly proliferative cases of PISCG were reported including our Case 2. 2,14,17) T 1 -or T 2 -weighted MR imaging demonstrated no specific characteristic of PISCG, which was frequently accompanied by spinal cord enlargement, with slight or moderate enhancement after intravenous injection of contrast medium in all but 1 case ( Table 2 ). 6) Cystic or syrinx formation was not specific for diagnosis. Spinal cord atrophy above and below the tumor (``string of beads''-like appearance) may be important but is not specific for the diagnosis. 20) The clinical symptoms and imaging features of PISCG are often indistinguishable from other spinal cord neoplasms. Only histological examination can establish the correct diagnosis. The target for surgery should consider both obtaining a specimen and the tumor sensitivity to chemotherapy and radiotherapy. Appropriate adjuvant treatment should follow the surgery. Surgical verification of the tumor is indicated if imaging studies or chemical analysis of blood or cerebrospinal fluid fails to establish a diagnosis.
Treatment strategy for PISCG should correspond to that for primary intracranial GCT, although the intraoperative decision of tumor removal is difficult in PISCG. If frozen-section biopsy during the surgery suggests the possible diagnosis of germinoma, the radical resection of the tumor should not be attempted. As for primary intracranial GCT, the classification is based on the prognosis. 22, 23) Solitary pure germinoma, as in our Case 1, is classified as good prognosis, and HCG-producing germinoma, as in our Case 2, as intermediate prognosis. Five-year overall survival rates are reported to be 100% in patients with pure germinoma and 75% in patients with HCG-producing germinoma after combination of chemotherapy and radiotherapy. 1) Although HCGproducing germinoma is likely to respond well to chemotherapy or radiotherapy, there is a high tendency to recurrence. 1) More careful or thorough treatment is required for HCG-producing germinoma compared to pure germinoma. According to the treatment guidelines for primary intracranial GCT proposed by the Japanese Ministry of Health, Labour and Welfare, patients with good prognosis should be treated by PE chemotherapy followed by extended local radiotherapy of 24 Gy in 12 fractions, and patients with intermediate prognosis should be treated by PE or ICE chemotherapy followed by extended local irradiation of 30 Gy and lesion site irradiation of 20 Gy. 1, 16) Radiotherapy was performed in all reported cases of PISCG except one undescribed case. 29) Both cranial and spinal irradiation were performed in 8 cases including our 2 cases, total spinal irradiation in 13 cases, and only local irradiation in 12 cases. Although radiotherapy appeared to be effective, no definitive consensus has been determined about the need for irradiation to the brain or radiation dose to the local spinal cord in PISCG. Chemotherapy was performed in 13 cases including our 2 cases, but the efficacy against PISCG remains to be proven. Intracranial GCT is highly sensitive to chemotherapy, especially to platinum and alkylating agents. Therefore, chemotherapy followed by radiotherapy has been proposed to reduce the endocrine and neurocognitive side effects of craniospinal irradiation. 1, 22) However, any definitive conclusion about its effects on tumor control is still difficult to draw.
More common subtypes of intramedullary spinal cord tumors occur in this age group, but the unexpected possibility of PISCG should be considered. If imaging studies or chemical analysis of blood or cerebrospinal fluid fail to diagnose PISCG correctly, early surgical verification of the tumor should not be delayed, because of the reduced chance for neurological recovery. First line treatment by chemotherapy and radiotherapy appears to be significantly effective, but careful follow up after initial treatment is essential.
